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MEGHAiaCAL TESTS OF MilCERATED PEENOLIC MOLDIUG MATERIAL 

By William Eindley* 



SUMMARY 



Results of mechanical tests of macerated phenolic mold- 
ing material are reported: These tests v/ere carried out 
in a room maintained at a constant temperature of 77^ F and 
relative humidity of 50 percent. The following tests were 
performed: Static tension, compression, torsion, and flex- 
ure tests; long.-tim.^ creep tests at different stresses, 
tests for time to fracture under long-continued constant 
load; izod and Charpy impact tests; "bending fatigue tests 
at different ranges of stress; r o tat ing- "beam fatigue testy 
at different speeds of testing; rotating "beam fatigue tests 
of notched specimens; and torsion fatigue tests. 

The static tests were all made at the same rate of 
strain; and the results of the static tests include values 
cf yield strength, ultimate strength, and modulus of elas- 
ticity in tension, compression, and shear (t©rsi'?^n). 

The effect of s^eed of testing on the results of the 
torsion test is sho-;n; the effect of "conditioning" on the 
compressive strength is shov;n: the effect of stress on 
creep is shown^ and the effects of range of stress, speed 
of testing, notches and different types of loadings on the 
fatigue strength are shown. 



T , IlTTRODUCriON 
1, Purpose of Investigation 



The tests reported herein v^ere undertaken because of 
th-: fact that macerated phenolic molding materials are 
being used in applications in which the load-resisting 
ability of the material is of importance. An example of 
such an application is the use of this material for air- 
craft antenna masts. In some of che applications in which 

this material is nsed it may be subjected to static loads, 
_ 
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to repeated loads, and to impact. Static loads t)f long 
duration may result in distortion or fracture as a result 
of creep (references 3 to 7); repeated loads (vibration) 
may result in a progressive fracture (fatigue) (references 
3/6, S, 9, 10); impact may result m f . acture if the en^ 
orgy-rtsorting capacity of the material is too low. Thus 
it is evident that a knowledge of the alDility of the mate- 
rial to v/ithsband these various types of loading is neces- 
sary for a rational design of members and for proper se- 
lection of material for a rpecific application. 

To date the volume of significant data on mechanical 
tests of plastics is relatively small. A "bihli ography of 
some cf the more important v/orl: that has come to the atten- 
tion of the author is given at the end of this report (pp. 
31-32). Considerahle data are available on static proper-, 
ties and impact properties, and some data are available on 
creep. Ho^'rever... part of the daua which are available cover 
results of tests which were not carried out under controlled 
laboratory conditions. So data have come to the attention 
of the author on fatigue or creep tests of macerated mold- 
ing material. Few data are available on torsional proper- 
ties of plar.tics, and only one investigation of the effect 
of range of stress on fatigue properbies of plastics (ref- 
erence 3) has come to the attention of the avithor- 
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II . TYPES OF TEST 



The fcllowin^^ tests were performed on the phenolic 
molding material under conditions of constant temperature 
and constant relative humidity? short-time "rtatic" tests 
in tension, ccmpre r; si on. and torsion were conducted to de- 
t^^rmin? the ultimate strength, yield strength, and modulus 
of elasticity under the three conditions of loading; to"^- 
sion testis of hollov; and v=5Dlid specimens were conducted at 
several speeds of testing to determine the effect of speed 
'^n the results ®f static tests; cempressicn tests of spec- 
imens suhjec-ucd bo three different "conditioning" proce- 
dures were conducted to study the effect of conditioning 
on the results of tests; Charpy and Izod impact tests were 
conducted; creep tests and tests for time to fracture under 
a constant load wore conducted at different stresses- oend- 
ing fatigue tests v^ore conducted to dofcerminc the effect 
«f different rangec of stresr nn the fatigue strength, ro- 
tating-heam fatigue tests were conducted b^ study the ef- 
fect of speed of testing and the effect of notches on the 
fatigue strength; and fatigue tests in torsion wore 2-^11- 
ducted to determine the fatigue strength under chis type 
of loadingc 

III. MATERIAL AUD SPE C I i:SI\[S 
1 Material 

The "macerated" phenolic molding material for these 
tests was supplied hy the Pla s ticis .Divi oi of the Monsanto" 
Chemical Company. It was made in the Kt^nsanto laboratories 
especially for these tests and ivias a special formulation as 
descrioed helow. The compoc^ition and treatment, howovor, 
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ilar to Monsanto Hesinox 6543 and. Sesinox 6754. It 
1 also equivalent to U.S, Navy typo Cri-20 3uroa-u of Ships 
Ad Interim ST)e ci f i cat i on s ] 7?4 (lilTT). 

Tho molding composition contained 50 percent of a one- 
irtage phenol-f or maldehydo resin and 50 percent of cotton 
denim and twill rag, cut i'n 3/4-inch riecos. The "cabinet 
closing tir:xe"(a measure of plasticity") was 70 to 80 seconds 
The material v/as preformed at 25^ C and 7000 pounds per 
square inch. Two separate preforms ^-^ere used.pcr molded 
Rla'b in order to obtain the required thicknesses. 

Sheet>s, 5- "by 7-inch; were molded of this ms.terio.l in 
tv/c thicknesses; namely, 0.3 inch and 0.5 inch. The dif- 
ferent thicknesses vrere used in order to ac c o •nrn.cda t e the 
specimens mentioned "below. The C. 5-inch slahs were molded 
35 minutes at 170^' C rnd 7000 pounds per square inch. The 
0o3-.inch sla'bs vrere molded 15 minutes at 170^ C and 7000 
pounds per square inchr These molding conditions were es- 
tablished "by -preliminary experimentation at the Monsanto 
I a. b 0 r a t 0 r y . 

2. Specimens 

The specimens used in these tests were machined from 
5- hy 7'-inch sheets of the macerated m.olding material de- 
scribed above. All tension, compression, flexure, creep, 
time to fracture, "bending fatigue, and torsion latigiie 
specimens were made from sheets approximately 0.3 inch 
thioko The torsion, impact, and r o tat ing-heam fatigue 
tests v'oro made on specimens cut from sheets 0c5 inch thick 
Tension, compression, torsion, flexure, time to fracture 
and creep '-pecimens were cut from the sheet v;ith the axis 
of the specimen parallel to the 7-inch dimension of the 
sheet. All fatigue and impact specimens were cut v/ith 
their axes parallel to the 5-inch dimension. Insofar as 
possi'blo all specimens for one group of tests vrere cut 
from, one sheet. Where this was net possible the shecit num- 
bers v;ore indicated on tho curves. 

The specimens wore machined to the dimensions shown 
in figures 1, 2, and 3 hy milling or turning, as requiredt 
using sharp tools and such comhinat i ons of cool shape^ 
speed, and feed ^.s gave good finish and a minimum of Leao- 
ing of the specimen. After machining, all machined edges 
v.^erc smoothed vrith emery pa.per. A high polish vras not pos- 
si'blo he cause of the cloth filler in the material. 
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3. Pr e c oiidi 1 1 oni n 5^ of Specimens 

All sTDecimens were alloivad to remain in the air- 
conditioned laboratory for at least tvro weeks after ma- 
chining hefore the tests v;ere started.. All tests were 
carried o\it in a la'bcratory which was maintained at a con- 
stant temperature of 77° ±1^ and 50 ±3 percent rela- 
tive humidity continuously thron^-hout the duration of the 
testSe This was necessary "because of the sensitivity of 
the material bo small changes in temperature and relative 
humidi t y . 

IV. appaFlatus and test PRCCSDURE 

1, Stable Tension Tests 



The tension tests were made on specimens shown in 
figure la^ These specimens were held in Templin wedge 
grips and tested in a Siehie ISOO^pound single- screw ma- 
chine mcdiiied to provide pendulum weighing and equipped 
with a device for s . umlaut ographi c recording j shovrn in fig- 
ure 4. All spocimens v/ere tested at a head speed of 0 04 
inch per minute. This speed resulted in a rate of 'Strain 
of OoCOlS inch per minute, A Moore-Kayes ?.-inch exten- 
someter was attached to the specimen and readings of load, 
extensometer division, and time were taken during the 
tests. 

2, Static Compression Tests 

The same machine was used for compression tests as 
for tension tests except that a compression tool, shown 
in figtire 4, was used with the former in order to av®id 
the possibility of eccentric loading of the compression 
specimens. In this instrument the specimen A, figure 4, 
vras compressed "between the up-per platten B and the cylin- 
der C. The cylinder wa » guided in the yoke D so that the 
face of the cylinder v;as always parallel to the upper 
platten. Thus, if precauticns are taken to machine the 
specimen ends parallel and center the specimen on the cyl- 
inder, the amount of eccentric loading should "be negligihlo 
Compression tests were made on two sizes of specimen cut 
from the same sheet 0.3 inch thick, ar. shown in figures 
2a and 2h . The shor'c specimens, l/r of 12f, v/ere used to 
ohtain the compressive strength of the material; whereas 
the longer specimens, l/r of 27, were used to determine 
the modulus of elasticity of the m.aterial and the general 
shape of the str e s s- strain curve c The term l/r indi- 
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catos the ratio of the length of the specinen to the radius 
of gyration of the cross section of the specimen. In order 
to ottain the modulus of elasticity and shape of the stress- 
strain curve a compr.e s somet er of i-inch gage length was 
used with the longer speciir.ens. ?or tho long specinens all 
tests wore run at a head speed of 0,0105 inch per minute 
(rate of strain of 0.0015 in. per in. per min.), 

3. Static Torsion Tef^ts 

It waG necessary to design and ouild special apparatus 
for this . test hecause macLines of low capacity were not 
availahle. The apparatus used is shown in figure 5. The 
pendulum weighing system of the tension machine was used 
as the measuring device for the torsion machine. This was 
accomplished "by attaching to the tension machine a twisting 
head A in figure 5, driven "by a douhlc worm drive. A spe- 
cial chuck B was attached to the shaft of this twisting 
head and another chuck C to the axis of the pendulum D. 
These chucks were designed to apply a torque to the speci- 
men with little danger of hending the specimen at the same 
time* This was accomplished "by mounting bhe specimen on 
centers and applying the torque as a couple ly moans of 
ad ju static screws . 

Tlie detrusion gage, used for measuring the shearing 
strain, is shown in figure 6. It was designed to accommo- 
date materials whose ultimate sheariu:^ strain was relative- 
ly small and materials which might twist two or three revo- 
lutions in a length of 2 inches. The instrument consist- 
ed of two rings A in figure 6, which are slipped over the 
specimen and fastened to it hy three adjusting screwa in 
each ring. A gage length of 2 inches was ohtained "by use 
of a removaDle spacer B. To one of the rings was fastened 
a circular scale 0 for measuring large detrusion. Tw.v 
lO^inch arms," fastened to the same >'ing carried scales 

on the end v/hich were used in measuring small detrusion. 
Adjusbahle pointers 2 were attached to the other ring in 
such a way as to indicate the readings on their respective 
scale 3 g 

The procedure in conducting a torsion test was first 
to mount the detrusion gage, then affix the torque arms 
in figure 6, to tlie sT^ecimen, mount the whole "betv/een the 
centers of the torsion machine, and adjust the torciue 
screws. The driving chuck was then rotated at a uniform 
speed and readings of detrusion, torque, and time were 
taken at intervals of detrusion until f ract ur e. t ook place. 
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The shearing stress v/as computed from the equation 

m 

T = -y- and shearing strain was computed from the relation 




4 . Creep Tests 

The ec|_"uipnent used for conducting the creep tests 
consisted of a steel rack, from which 24 specimens could 
"be suspended; calibrated v/eights used for loading the 
specimens; measuring equipment for determining the strain 
in each specimen; and a clock equipped with a ccunter to 
record the elapsed time in hours. 

ITigure 7 shews a portion of the creep rack v^ith appa- 
ratus set up for measuring the strain of a specimen. The 
specimen a was subjected to an axial tensile load by means 
of dead v/eights attached to the rod B. The specimen was 
held by grips C, which contained a hook-and-eye type of 
svrivel joint. This joint v:as provided in order to minim- 
ize the possibility of bending the specimen. 

The extensometor "used for measuring the creep con- 
sisted of a lever-type instrument vrith a traveling micro- 
scope ( cathet ome ter ) D, figure 7, for measuring the dis- 
placement between fixed reference marks on the end of the 
lever S and the stationary arm A track was provided 

for the microscope so that it could be moved from, specimen 
to specimen quickly. 

The gage length of tl3 ext ensometer was 4 inches and 
the lever ratio was 10 to 1. One end of this lever was 
forked and fastened by pivots to the lower clamp attached 
to the specimen, figure 7 « The axis of this pivot passed 
through the centroid of the cross section of the specimen. 
(The pin itself did not go through the s-pecimen.) Thus 
the strain measured by this instrument was the average 
strain in the specimen and it was not necessary to average 
the results of two instruments fastened to opposite sides 
of the specimen. The fulcrum of the lever v.^as pivoted to 
a rod whose other end v/as fastened to the upper clamp on 
the specimen. A spring clip G- . figure 7, was used to at- 
tach this rod to the upper clamp so that the extensometor 
could bo loft on the specimen during fracture, if neces- 
sary, without dam.age to the instrument. 

Each instrument was calibrated against a micrometer 
screv/ before use. I'lat clamps v/ere used to attach the 
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crt onsomet or s to the spocimens instoad of pointed screv/s 
"because creep ot the material mi^ht caasc screws to sink 
into the specimen, thus cav'sing early fracture. The dis- 
tance 'cetween the centers of the flat clamps v;as consid- 
ered to "be the gage length of the ex censome t er . A. uniform 
gage length for each specimen vras essential for accurate 
coniparison of tests> This uniformity was obtained 'by using 
identical axt ensome ucr s anri a jig to as;.emTjle the exten- 
seme tors to the tspeci r'.en, figure 8. 

Ten speciraens lalj.Ied as shown in figure Ih ^:ere test- 
ed at various stress'^s ranging from 1400 to 3700 pounds 
per sciuare inch. The procedure in starting the tests 
w a s a s f 0 1 1 0 1\ s : 

The weights, weighing from V5 to 150 pounds, were 
first supported on planics, "blocr.ed un in such a vay that 
they could "be used as levers to lower the weights quick- 
ly hut gently until they i/ere supported hy the specimen.. 
Before lowering the weights, the initial extensom^ter 
readings were ohtainod v/i th the traveling ni or o ocope . 
Then the weight was lowered on the specimen, the exten- 
someter was immediately read again, and the time was 
recorded. The difference hetween the c>train computed from 
these two sets of readings was "Che elr^stic strain. Any . 
further increase in strain was the result of creep. head- 
ings of strain and time were taken at intervals of time, 
which ^or the high-stress tests were from 2- to lo~hour 
intervals until fracture. Low- stress specimens were read 
aocut every two dp.ys for a mcnth; then every one to two 
weeks , 

5. I'racture Under Long-Cont inuod Constant Load 

This test was under ta::.en to deter nine the time r- 
quired to cause fracture as a result of creep ander a 
tension load maintained at a constant value throughout 
the tost. The s-oecimens used were turned on a lathe to 
the dimensions shown in figure 2c. The apparatus for the 
tests consisted of a soeel rack from which the specimens 
wore suspended and loaded in tension by hanging sufficient 
weight from the s-nocimeii to produce the desired stres'^. 
This TToight reiiiained hanging on the specimen until the 
s-oecir.ien hrfjke, at which time the falling of the weight . 
would release a catch to stop a clock and thus record the 
time 0"^ fracture. 
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6. Irpact 

kn Olsen 35- i n ch-p ound s impact testing machine v/as 
ueed for these tcsts> lb v;as equipoed for either ^2od 
or Ohnrpy type oi test. Specimens for these tests ^figs> 
Ic and Id) were macnr'ned from two different sheets of 
material, -ith the a::eG of the specimens p-rallcl to the 
5--inch dimension of the sneet . 5' our Izod ij.pe c i ijen s ;^^e^e 
cut from each sheet th the notch parallel to the sur- 
face of the sheet, and four cper.imens vith the notch per- 
pendicular to bhe surface of the sheut . Likewise, four 
Oharp7 specimens were cut from each sheet with notch par- 
allel' t o" tlic surface of tl.e sheet, and three sriocimens 
with notch peroondicular be the sheet. Ail specimens 
were prepared at the naine time and tested at the same tim 
under the usual procedure. The energy absorhed "by the 
specimen during the tost was measured- 



? , irati,^::ue Tests 

(a) Bendm^^..- ?atigue tes-cs in "bending were conducted 
on fixed-cantilever, constant -amplitude fatigue machines. 
In this type of machine (fig- 9; the specimen A was re- 
peat edl:v "bent back and forth as a cantilever heam hy the 
variable eccentric B. Eoth horizontal and vertical ad- 
justment of the relative position of the spindle of the 
machine and the specimen vise was provided to allow a vari- 
ety of different tests. The machines were equipped with 
a V.-bclt drive to provide variable speed as shown in fig- 
ure 9 , 

The -procedure used in conducting those tests is de- 
scribed in the A.S.T.H, Tentative Standard for Repeated 
Flexural Stress (Fatigue) ^fest of Plastics ^ In all cases 
the stress in the sioecimen (fig. 3a) was computea irom 
the equation a = The bending moment M was obtained 

'^^ITs^^ ^i?" - 4 ^T , " A . S . T . M . S t andar d s , 

Including Tentative Standards Far t III, 194^, p. 1201. 
This method was r.rspared by the A . 5 . . i: . section^on 
FatU-t^e and Repeated Impact Tests of Plastics, ot which 
the author was chairman. The method was based on experi- 
ence gained largely during the conduct of the tests re- 
ported in this paper and previous work by the author on 
cellulose a^cetate^ 
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fron a calibrated dynamometer C, and the number of cy- 
cles to v;hieh the spocimeii v/as stibjocted was recorded by 
a counter B. iV^r each specimen placed in the machine 
•'he :3tress cor r e spond:'.ng to the deflection of the speci- 
men during the test v/ae calculated from the "binding mo- 
ment measured v/hile the machine v;as at rest. The number 
cf .cycles for fracture was also obtained, Those data 
were then plotted with stress as ordinate and number of 
cycles as abscissa, usinr"; fr^emiiog plotting. 

In testing the >ih?noiic inolciing material it was found 
that the specimen no-^-er completely fractured in the bend- 
ing fatigue machine, .ITatigue cracks formed but the cloth 
filler prevented complete separation of the two ends of 
the specimen. Because of this fact, it was necessary to 
devise a special mechanism to shut off the machine when 
the specimen became cracked. This mochanisn consisted of 
a spring dynamometer together with an electrical contact 
to close the circuit of a sensitive relay and stop the ma- 
chine when a fatigue crac'.: caused the maximum load the 
dynam&nefcer to become smaller than the original section 
by a predetermined amount (about ?5 percent). 

(b) Torsion,- The machine used for torsion fatigue 
tests v;as of the con s t ant -ampl i t ude type and wa*: con- 
structed from a machine of the bending type by the addi- 
tion of certain parts, as shown in figure 10. An arm A 
was attached to the bonding-type machine so as tc support 
the fixed end cf the r-orsion specimen B and the dynamom- 
eter C with its dial B. Yor the torsion tests, the spec- 
im.en B v/as fastened at an angle to the lever arm E ar. - 
tached to the connecting rod vVith the choice of the 

proper angle the bending moment at the minimum section 
of the specimen could bo made zero, so that the only ^^ig- 
nificant stress at the minimum section was a tor.vicn 
stress. There was a slight ho r i z on t al- shear stress which 
was negligible compared to the stresses resulting from 
torsion. The connecting rod F was fastened to the lever 
arm E through a universal joint to allow freedom of motion 

The dynamometer was calibrated in terms cf force at 
the wrist pin of the connecting rod as in the case of the 
bending tests. Shearing stress was computed from the 

equation 1 - ''^^ . The stree. s was adjusted by means of 
the variable eccentric as in the case of the bending tests 

(o) Botat in/r be.n m.- The rotating cant i 1 ever -beam fa-* 
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tijiie testing iia chines were as shoiArn in figure 11. The 
specimen A was held in the end of the s-oindle B "by means 
of p. sjjlit collet. An extension shaft 0 was fastened to 
the other end of the specimen hy means of a collet na- 
chined integral with the shaft. A lead was applied to 
the end of this shaft through a small "ball hearing. A 
"beam and poise D was used to apply th: s load. The entire 
shaft assembly was rotated oy a motor through a helt. A 
counter S v/as attached to record the number of cycles, and 
a mi or o F. v/i t ch was used to stop the machine when a crack 
hcid formed in the specimen. Stress at the minimum section 

wa s CO m.pu ted fro m t h c a c[ua t ion u - ^ i n wh i ch M wa s 

1. 

obtained fron the lead applied througri th... poise. Machines 
of this type were found to offer some difficulty due to 
vibration with nunhomogoneous material such as phonolio 
molding material . 

Y. R]iiSULTS OF TESTS 
1.. Static Tension Tests 



in figures 1 "lA , B , C are shown the stro s s- strain curves 
for tension tests of the phenolic molding nia^terial. ^'ig~ 
ure 13 shows the strain-time curve corresponding to the 
str 0 s s- strain curve of figure 12C. From tnose curves the 
following q_uantities were measured: yield -strength at 
0.05 percent offset, ultimate strength, ultimate strain, 
modulus of elasticity, and rate of strain. (See Appendix 
fox definition of the terms used in this report/) The 
valiies obtained for these quantities are tabulated in 
table I for the five specimens tested. 

The average modulus of elasticity (slope of the ini- 
tial portion of the curve) was 981,000 pounds per square 
inch for the five spocimens^ The average yield strength 
for 0«05 percent offset from the initial tangent line was 
4010 pounds per square inch. An offset of 0.05 percent 
was chosen because specimens occasionally fractured before 
any larger offset was reached. The ultimate strength was 
only slightly higher, 4550 pounds per square inch, and the 
average ultimate strain (at fracture) was 0.00545 inch 
per inch. The average rate of strain was 0,0014 inch per 
inch per minute (no load head speed of 0.040 in, per min.). 
The rate of strain was obtained as the slope of the strain- 
time curve in the region just before the strain for which 
strain was no longer proportional to stress, that is, the 
slope of the diagonal line in figure 13. 
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It was noticed that there was not a constant rela-- 
tion "betw^^en the measr.red strain and the time (fig. 13)., 
This curve rriay "be approximately divided into three por-^ 
tions tj the lines representing^ strains of 0.001 and 
O^OO::' inch per iiiCh. The first portion vras curved, due 
probally to friction lag in the ext ensoina ter or perhaps 
also to slippage of the wedge ^_;rips or other readjust- 
menOc of the inachino rndor load; the second portion v/as^ 
approximately a straight line corresponding t the straights- 
line portion of the st r e s s t r a: n diagram; the third por- 
tion vas curved. This ^as due to the fact that stress was 
not proportional to strain during i^his portion of the 
st rain-^-t ime curve. Ar^ a result of this fact the load on 
the raachino no longer increased at a constant rate^ so 
that the machine no longer deflected as much for the ^.ame 
amount of motion of the loading screw. Therefore the 
.specimen must stretch more in the same time interval. A 
stiff cr"ter^ting machine would prohahiy give a more nearly 
straight strain-time curve. '-Phe ratic of load to deflec- 
tie.n under fx ;:ension load vras 10,170 pounds per inch for 
t hi G ma chi ne c 

The data shown in taole I vfere taken from specimens 
cut frem two differ oni 5- hy 7-inch sheets. (The figures 
"before the letter in the Lvpecia^en numher designate the 
number of the sheet.) An examination of these data and 
those for the impact tests in tahle V sho^^^s that there 
was no marked difference in properties of different sheets. 

The average deviation from the mean is also shown in 
table I. It is a measure of the amount of scatter in the 
data. The small scatter evident in taole I is prchahly ^ . 
fortuitous since the results of other tests indicate a 
e;reater scatter, as might he expected with such a nonhomo- 
geneous material. A typical fract^j.red specimen is shown 
in figure 35a. 

2o Static Compression Tests 

In f igures I4A,3,G,L are shown the st r e s s- strain curves 
for compression tests of specimens shown in figure 2a. 
Specimens 2 inches in length were used for these tests to 
permit the use of a c ompr e s s ome t er having a 1-inch gage 
length. The data plotted in figure 14A vrere taken with a 
comprcssomoter having a 1-to-l lever ratio and a 0.0001 
Last^vJ'ord dial. This dial did not have su-:^ficient travel 
to cover the entire range of strains, out v-as used to ob- 
tain data at the foot of the curve f^r use in determining 
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the mcdulus of elasticity. The data plotted in figures 
143, C,D were obtained with a similar instrument eq[uipped 
i-ith a 0.001 dial so that strain r 3arUn.-;s could "bo taken 
t 0 fracture , 

Table II summarizes the data from all of these curves 
and includes iivorage values and average deviations from 
the mean. The average modulus of elasticity in compres- 
sion was 886,000 poiinds per square inch. It v/as noticed 
that there was about twice the spread in values of modulus 
for the compression tests, as for the tension tosts^ and 
that there is just as much s-proad between results obtained 
vith the 0.0001 dial as with' the 0,001 dial. The average 
value of mcdulus obtr.inevi in comprei^sion was about 10 per- 
cent less Lhan the average value obtained in tension. 

The average value of yield strength at 0.05 percent 
offset v/as 41.30 pounds per square inch, which is about 3 
percent higher than the corresponding value in tension. 
The yield strength at 0^2 percent offset v/as also obtained 
for the compression tests. The average value v/as 6050 
pounds per square inch. The average ultimate strength ob- 
tained in these tests was 13.200 pounds per square inch. 
This value was not considered representative because the 
length of the specimen was such as to permit buckling to 
occur before failure. There was, however, not sufficient 
tendency for buckling to affect the values of yield 
strength reported above. Because of buckling, another set 
of shorter specimens, as shov/n in figure 2b, was tested. 
The results are tabulated in table III, The average value 
of ultim.ate strength for these specimens vras 13,960 pounds 
per squa.re inch, which was a'bout four times the ultimate 
strength in tension, 

Figure 15 shows a sample strain-time curve v:ith a 
diagonal line drawn to indicate the slope, corresponding 
to the elastic region of the st r e s s-- s t rain curve. The 
same characteristics are observed in this curve as in the 
tension strain-time curve, figure 13. 

I'ractured specimens of both the long and the short 
type are shown in figures 33b, c. The diagonal planes of 
failure suggest that the fracture resulted from a shearing 
stress. 

■C 0 r "0 u riQoses of com-^arison tne rate of strain was 
made approximately equal in the tension and compression 
tests. It was 0.0015 inch per inch per m-inute (head speed 
of 0.0105 in. per min.) for the "long" compression test. 
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In the case of the short specimens the rate of strain v/as 
determined hy comparing tb.e load-time data, taken for these 
tests (not shovm), v/ith load-tine data for the "long** spec- 
imons . 

It he noticed that the head speed for the com- 

pression tests xvas ahoub one-fourth the head speed for the 
tension tests- although the rate of strain was the same 
and the machine v;as the same for both tests. This differ- 
ence resulted largely from the difference in shape of the 
specimen and method of grip^ping the specimen-. It is thus 
evident that care must he exercised in the selection of 
1 0 st i ng-inachine speeds if results of tension and compres- 
sion tests of plastics are to oe comparable* This pre- 
caution is^ 01 course, not necessary vrith materials for 
v/hich the test data are not affected by changes in rate 
of strain. 

3. Static lorsion Tests 

In figure 15 are shov/n shearing stress against shear- 
ing strain curves as obtained from torsion tests of ''solid" 
specimens (fig. 2e) of phenolic molding material. The 
curves for the torsion tests are similar to those for the 
tension tests in that fracture occurred after a relatively 
small amount of strain. The last two curves show a straight- 
lino stress-strain relation up to about 2000 pounds per 
square inch; whereas, the first curve in figure 16 indicates 
some deviation from linearity at the lower region. This 
v/as attributed to the fact that a. spacing ring used in set- 
ting up the detrusion gage v:as accideu tally left on, caus- 
ing slight friction. From these curves values of modulus 
of elasticity in shear, yiald strength at 0. 05 percent and 
0.2 percent offset, and torsional modulus of rupture vrere 
obtained. These values are tabulated in table IV, TV,j 
average value of yield strength at 0.05 percent offset v;as 
2550 pounds per square inch.. This was about 63 percent of 
the yield strength at 0.05 percent offset in tension and 
compression. The average yield strength at 0.2 percent 
offset was 3290 pounds per square inch, which vras about 
the same percentage increase over the 0.05 percent offset 
as observed for the compression tests. The average modu- 
lus of rupture was only slightly higher than the yield 
strength for 0.3 percent offset and v/as 3530 pounds per 
square inch. The ultimate strain was about three times 
the ultimate strain in tension and about one-third the ul- 
timate strain in compression. The average modulus of elas- 
ticity in shear v/as 234,000 pounds per square inch, which 
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is 25 perc^;nt of the average of tension and compression 
niocluluc* . i^he shear rate of £"train as shovn in tal^l^^ IV 
v;as ol^tainecL f r om s fcrain-t ime curves such as the curves 
shov/n in figure 17. It will "be noticed that the shearing 
rtrain-time curve doe^^ not ?ho>r the first "stage" ohservod 
in the tension and compression tests; that is, there was 
no period of adjustment required for the detrusion gage to 
overcome friction lag as "was the case with the extensom- 
eter and compressoinoter ♦ This >;as true hecause of the ^ 
construction of the instrument \;hich involved no friction- 
al load on the measuring arms. 

The rute of strain in tension v;hich occurred during 
the torsion tesL was ohtained from the knov/n relationship 
that the maximum tensile stress equals the maximum shear- 
ing stress in a circular memher subjected to torsion. 
From this fact the relationship "between the rate of strain 
in tension and the rate of strain in shear was computed 

from the formula — = — >-here — is the tensile rate 

Y t t "HI . t Q. 

of strain; -r is the shearing rate of strain; and ~ the 

Xt 

ratio of shearing modulus to tensile modulus. It will he 
noticed that the tensile rate of strain in the torsion 
tests was approximately equal to the tensile rate of strain 
in "both the tension test and the compression test. This 
v;as purposely done in order that the three tests would be 
on a comparable basis. It was necessary to use the same 
rate of strain for comparative purposes because it was 
knov/n that the rate of strain affected the values of yield 
strength, ultimate strength, modulus of rupture, and so 
forth. (See figs. 18, 19, and the next paragraph.) 

Effect of Speed of Testing on the Results 
Obtained from the Torsion Test 

Torsion tests v;ero performed at several speeds of tost^ 
ing to study the effect of speed of testing on the proper- 
ties measured in the torsion tests. During these tests, 
roadin(:;s of torque, angle of tv/ist, and time v/oro taken. 
5^rom these data the shearing stress and shearing strain 
'•^erc computed. The shearing stress was plotted against 
shearing strain in figixre 18 for tests of "solid'' specimens 
at rates of strain from C,0Q04 to 0.C29 inch per inch per 
minute. The shearing rate of strain v/as obtained in tne 
same manner as described above. 

It v/as observed that the st re s s- strain diagram devi- 
ated from a straight-line relationship at a lower value of 
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^'tress for the slow rates of strain than for the high rates 
of strain. This deviation was prolDat>ly the effect of creep 
taking place at the lower rates of strain. 

In order to ohtain a iDetter picture of the effect of 
changing the rate of strain on the results of the torsion 
tests, the shearing yield .strength at 0.05 percent offset 
was obtained for each of the curves shown in figure 18. 
(The auxiliary line represents an offset of 0.05 percent.) 
The shearing yield strength was plotted against the shear- 
ing rate of strain in figure 19 o The data reported for 
uhe torsion tests in tatle IV vrere also plotted on this 
diagram^ It was olDserved that the shearing yield strength 
increased rapidly with increase of rate of strain at rela- 
tively lov; rates of strain. Above a rate of strain of 
ahcut 0.01 inch per inch per minute the shearing yield 
strength was relatively little affected hy further increase 
in rate of strain. This effect of rate of strain was sim- 
ilar in trend; hut not in degree, to the effect of rate of 
strain on the tension test of cellulose acetate (refer- 
ence 7 ) . 

Tests were also performed on hollow torsion specimens 
(figo 2f). The shearing stress obtained from tests of the 
hollow specimens was plotted against shearing strain in 
figure 18o These tests wore undertaken in an attempt to 
correlate the results of the torsion tests with the results 
of the tension tests of the same material. It was expected 
that the hollow torsion test would correlate much "better 
than the solid torsion test, "because the equation 

T = :'-£ 

J 

would yield a mor e . accurate value of stress in the ca: "^ ^f 
the hollow specimen than in the case of the solid specimen 
for values of stress near fracture. The average value of 
the maximum stress occurring in the hollow specimen was 
ahout 2000 pounds per square inch or aoout one--half of the 
tensile strength. (See tahle I.) This may possihly^oe 
due to the fact that the fracture started it a position on 
the surface of the specimen which was originally at the in- 
terior of the sheet. Also the tensile stress at the point 
ox fracture was r.t an angle to the plane of the original 
sheet rather than parallel to the sheet as in the case of 
the tension test, so that some difference in strength might 
he e X"p e c t e d . 
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The crack prof^ressed along a helix, indicating that 
the significant stress causing fracture was prolDahly a 
tension stress^ (See figs, 33^i®») Elementary theory- 
shows that the maximum tension stress in a memher su-hject- 
ed to torsion is equal to the maximum shearing stress, so 
thc^t the values of maximum shearing stress obtained from^ 
the torsion test of a hollo\r; srecim.en should he nearly 
equal to the tensile strength of the same material as oh- 
tained in a tension test, instead of one-half the ten- 
sile strengthc 

The hollow specimens were tested at several different 
rates of strain as were the solid s^-^ecimens. Results of 
the former, however, do not correlate well ~ prohahly he- 
cause of the fact that the size of the discontinuities in 
the material itself were the same order of magnitiide as 
the wall thickness of the hollow section. 

Ho measurable vari.-^tion in shearing modulus of elas- 
ticity with change in rate of strain was observed* The 
modulus of elasticity in shear as obtained from the aver- 
age slope of the curves shov/n in figure Ig was 290,000 
pounds per square inch. The value reported above for the 
other set of tests was 23^"+, 000 pounds per square inch. 
The difference between these two valu.es is possibly due to 
the fact that the specimens in the tv/o tests were obtained 
from different sheets. All specimens used for the solid 
tests shown in figure Ig were obtained from the same sheet. 

5, The Effect of Initial Conditioning on 
the Compressive Strength and the Specific Weight 

Three groups of 25 compression specimens each (fig, 2b) 
were prepared from the same sheet of material. Each group 
of 25 was subjected to a different conditioning procedure. 
One group ^-^as immersed in water for Hg hours, the second 
group was placed in a desiccator over anhydrous calcium 
chloride, and the third group was placed in an oven at a 
temperature of 122^ for hs hours, then removed to a 
calcium-chloride desiccator for 2^ hours. Immediately af- 
ter the specified conditioning time, all of these speci- 
mens were Dlaced in a room maintained at a constant tem- 
perature of 77^ F and constant relative humidity of 50 per- 
cent for the duration of the tests. Two specimens from 
each group were set aside as control specimens p.nd were 
weighed and measured at intervals of time. Immediately 
after the specimens were removed from the conditioning 
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medium, one of each group v/as tested in compression and 
the ultimate strength recorded. Specimens from each grou-o 
v/ere then tested at succeeding intervr-.ls of time there- 
after for a period of ahout SOOO hours. The control 
specimens v/ere weighed and measured .at the same time that 
compression tests were performed. 

This study was undertaken in order to ohtain a quan- 
titative knowledge of the duration of time required for 
the str&ngth and wei,i;;ht of phenolic molding material to 
come to equilihrium when the specimens were maintained 
continuously in an atmosphere of constant temperature and 
constant relative humidity. Such information was needed 
in order to determine the conditioning procedure necessary 
to ohtain r eproducihl e result^s from mechanical tests of 
plastics . 

The change in specific weight with time is shown in 
figure 20 for the control specim.ens from, each group. It 
v/as observed that the specific weight decreased for s^")eci- 
mens initially immersed in ^/ater; v/hereas the specific 
v;eight increased for specimens initially placed over cal- 
cium chloride and also for those initially heated. It 
was observed that a time of ahout 1000 hours (^1 days) was 
required to return the specific weight ap-or oximat ely to 
its initial valiie (within 5 Percent of the change in spe- 
cific weight caused "by immersion for hr ) . 

A similar series of tests of cellulose acetate (refer- 
ence S) Was carried out simultaneously v/ith this series 
of tests. The acetate was suh.jected to two different con- 
ditions - immersion and drying over calcium chloride, A 
comparison of the curves showing change in specific weight 
v/ith tim^e shows that the "behavior of the two materials was 
almost identical up to a time of 1000 hours. Beyond ICOO 
hours the specific weight of specimens of toth materials 
v/hich were immiOrscd in water remained substantially con- 
stant, hut the specific weight of the dried acetate de- 
creased again after 1000 hours while the specific weight 
of the molding material continued to increase even "beyond 
the weight "before drying. 

The variation in ultimate strength with the elapse of 
time after conditioning is shown in figure 2l^ The strength 
of the initially wet specimens was observed to increase 
v/ith time. The strength of the heated specimens decreased 
with time and the strength of the dried specimens decreased 
with time. More conclusive results might have heen obtained 
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by ''•he use of a larger number of specimens to overcome 
the effect of the scatter observed in the data. 

6, Static Bending Tests (Fle::ure) 

^Flexure tests were performed on specimens shov/n in 
figure 2d, using the machine shown in figures 4 and 5 for 
^pplyi^-g the 'load. A four-point loading system v;as em- 
ployed by means of a beam~and~ 1 i nkage arrangement so as to 
produce a constant bending mom.ent in tho center portion of 
the specimens. The average result of five specimens showed 
a modulus of rupture in bending of 8000 pounds per square 
inch. These tests were performed in such a way that the 
rate of strain of the extreme fiber was about the same as 
in the tension and compression test reported in tables I 
and II that is, the rate of strain was aboiit 0.0015 inch 
per inch per minute. The rate of strain for the bending 
tests was obtained by plotting a stress-time curve. From 
this curve and the known value of modulus of elasticity 
the rate of strain was computed. A sample stress-time 
Carve for the bending test is shown in figure 22. These 
tests shcv; that the modulus of rupture in flexure wa.s 
about twice the sbatic tensile strength, and about two- 
thirds the static compressive strength. 



7 , Impact Tests 

Impact tests were made on specim^ens of both the 
Gharpy and Izod type on specimens (figs. Icjd) machined 
from two different slabs. The results of these tests are 
tabulated in table V. Four specimens of each type from 
each slab were tested v/ith the V^-notch parallel to the 
molded surface of the sheet, and four specimens of the Izod 
type and three of the Oharpy type v/ere machined v/ith the 
"V-notch perpendicular to the molded surface^ The values 
of energy absorbed by each specimen are given in cable V 
together with the averages and the average deviation from 
the mean. ^'^''ercy little diffeience v;as observed betv/een 
values obtained f:-om the tv^ro different sheets. It is per- 
haps v/orthy of note that the differences betv/een tests 
with notch perpendicular and notch parallel to the origi-- 
nal surface are not consistent between the Charpy and Izod 
tests, indicating that the impact strength of the material 
was substantially independent of the position of the notch„ 

The average of ail the Izod tests was 20.0 inch-pounds 
for the g-inch specimen, which was about 20 percent greater 
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than the average of all Charpy tests. The average of all 
Charpy tests was 15.6 inch-pounds. The difference is per- 
haps due to the fact that in the lizod tests an appreciable 
amount of energy was absorbed in a scraping action between 
the striking edge of the tup and the specimen. 

8 , Creep Tests 

Creep tests in tension were performed at stresses 
ranging froni 1400 to 3700 pounds per square inch, using, 
apparatus as shown in figures 7 and 8.. Strain readings 
v'ere taken at intervals of time over a period of as much 
as 8000 hours for some of the tests, and shorter periods 
for other tests* The results of the creep tests are shown 
in figures 23 and 24, In figure 23 creep in percent was 
plotted against the elapsed time in hours for a total of 
3000 hrurs* A similar diagram for a time of 8000 hours is 
shown in figure 24. Creep, as usually defined, is the to- 
tal change in length (including clastic stretch) between 
gage points located in the cylindrical portion of the 
specimen expressed as a percentage of the original dis- 
t.'^nce between gage points* 

A rapid rate of creep v/as observed during ^he first 
interval of time. During this period the rate of creep 
decreased and was followed by a l^^-^ng period of creep at a 
relatively uniform rate. This la^"ter period is referred' 
to hero as the "first stage** of creep. The initial por- 
tion of decreasing rate of creep is referred to as the 
"first transition region.'* The scatter in the platted 
points for some of the tests is probably due in part t^ 
the difficulty of measuring changes in length of such 
small nagnitudes and in part to the effect of intermittent 
vibrations of the building or to occasional short-time 
interruption of the air-conditioning equipment. It was ob- 
served that the rate of creep after about 3000 hours de- 
creased appreciably, so that the curves approached nearly 
to a horiccntal line for all values of stress (fig. 24). 
This tendency was similar to that rocerved for relatively 
high stresses in the case of cellulose acetate (reference ?). 

It wa?? found that the creep at any time within the 
limits of the test and at a given stress could be approx- 
imately represented by a straight line of slope R and 
intercept e"^ ; thus, e = e^ + Rt where e^ is the 
"initial'' creep, R the rate of creep, and e the total 
creep at time t. The values of e^ and R were ob- 



21 



tained iDy drawing a straight line througli the points rep- 
resenting? the first stage of creep (fig. 23). The slope 
of t'-^is ]ine wis the rats of creep P- during the first 
Pta^'e of creep, and the intercept of this line v^ith the 
sero-time axis vas the initial creep e^. When the rate 
o-f creep was plotted as a function of the stress on a 
]og.-log diagram (fig. 25), it was found that the data thus 
plotted could he represented reasonably well oy a straight 
line, so that the rate of creen could he expressed as a 
power function of the stress. Similarly, the log-log plot 
of stress against initial creep was nearly a straight line, 
so that the initial creep could also he expressed as a 
power function of the stress (fig- 25). 



Thus it vas possihla to express creep at any time t 
and any stress o, hy tho following relationship; (The 
numbers "4600" and "9600" are dimensional coefficients.) 



e = 



This equation is, of course, an appr cxi mat i on to the creep 
curve. It represents a fanily of straight lines having 
slopes equal to the slope of the creep curve in the first 
Ptage and passing through the creep curves in the first 
stage^ 'The family of straight lines represented hy the^ 
ahove equation is shov/n, for the values of stress used in 
the tests, as dash lines in figure 23. Exact agreement 
between those lines and the plotted data is not to l3e ex- 
pected hecause of the scatter of tho plotted points shov/n 
in figure 25. The dash linos nhown in figure 23 ohviously 
will not accurately represent creep in the first transi- 
tion region nor during the "second stage" of creep. In 
these casesg however, the actual creep is less than^that 
predicted "by the equation, so that use of the equation 
would he on the safe side ^ 

9. Fracture Under L ong- C on t i nued Constant Load 

These tests were supplemental to creep tests. The tim- 
required to cause fracture under a constant tension load is 
shown in figure 26, in which the tension stress is plotted 
against tine for fracture on a log-log scale. It was oh- 
servcd that above a stress of about 3200 pounds per^ square 
inch; fracture almost always occurred within a relatively 
short time (less than 100 hr), but below this stress no 



fracture occurred in less than 2000 hours. Figure 26 indi- 
cates that the time required for fracture to take place 
under a constant stress increases with decrease in stress 
and that in the neighborhood of 3200 pounds per square 
inch a relatively small change in stress may make a very 
large change in time for the fracture to t^ake place. 

10. fatigue Tests 

(a) The effect 

_y . f _ ran^ge o f s tr ess on the fa ti gue 
stren^qth i n bending:.- In this paper '^ran^f^e of stress" is 
defined in terms of tv/o quantities, the mean stress and the 
alternating stress of the stress cycle; that is, the cycle 
of stress is resolved into tv;o components^ a constant or 
mean value of bending stress (J^ and an al t erna t in^^ 

stress oTq^ , v/hich is superimposed on the n^ean stress. 
When the mean stress is sere, the maximum alternating 
stress which will cauce fracture after a given number of 
cycles of stress is called tho iatlgue strength at the 
given number of cycles^ When the mean stress is not zero, 
the corresponding value of maximum alternating stress 
v/hich will produce fracture afxior a given number of cy- 
cles of stress is defined as the fatigue strength for that 
value of mean stress and the given number. of cycles cf. 
stress. 

Fatigue tests of phenolic molding material were run 
on specimens as shown in figure 3a for four different 
ranges of stress. Tho c; ~ II diagram for the four differ- 
ent values of mean stress is shown in figure 27 • In this 
figure the alternating component of stress was plotted 
against the number of cycles for fracture on a semilog di- 
agram. An appreciable scatter of data was observed ir. 
these tests, so that a definite a - IT curve could not be 
drawn. ?or purposes of analysis, a straight line was 
drawn through the plotted points representing the trend of 
the curve • The greatest emphasis was placed on tests at 
large numbers of cycles in drawing this line. In order 
better to illustrate the effect on the fatigue strength of 
a change in tho mean stress, the fatigue strength at 
100,000,000 cycles was plotted against the mean stress of 
the cycles in figure 28. It was observed that the fatigue 
strength decreased with increasing mean stress from 3130 
pounds per square inch at zero mean stress to 1610 pounds 
p:^r square inch at a mean stress of 7000 pounds per square 
inch. (See table VI.) (The speed of testing used in all 
of these tests was 1720 cpm. ) 



Inuring the conduct of the tests in v/hich the mean 
stress v/as not zcro^ it v/as olDserved that the mean stress 
continuously decreased even though the deflectioixs oi the 
specimen were maintained the same. This decrease in mean 
stress (relaxation) was the result of creep of the mate- 
rialo In order to show the effect of relaxation on the 
alternating-stress against mean-stress diagram (fig. 28), 
the fatigue strength v^as plotted against the valae of mean 
stress which ohtained at lOO^.OOO.OOO cycles. These data 
are shown hy the open circles in figure 38 . The average 
value of the "static" ultimate strength in flexure (modulus 
of rupture), obtained in tests reported above, v/as plotted 
on the diagram in figure 28. A straight line drawn between 
the fatigue strength at zero mean stress and the "static" 
bending strength reprosents the "theoretical" effect of 
mean stress (reference ll). It was observed that the data 
adjusted to the mean stress at 100,000,000 cycles fell very 
nearly on this straight line. 

(b) I tela xation duri ng fatigue tests,- The effect of 
relaxation was further studied by means of a relaxation 
test conducted under static conditions in which the initial 
value of the bending stress was 7000 pounds per square inch 
This test was conducted by using a dynamometer and specimen 
exactly the same as that used in the fatigue test. A de- 
flection was given to the specimen sufficient to produce 
7000 pounds per square inch. Readin.c's of stress were re- 
corded at intervals of time for a period of 800 hours. 
These data were plotted in figure 29 in which stress was 
plotted against time in hours. The value of the mean 
stress which obtained during fatigue tests at three differ- 
ent ranges of stress is also plotted in figure 29. These 
data were taken from the specimen v/hich failed most nearly 
at 100,000,000 cycles. It was observed that relaxation of 
stress was quite rapid during the first 100 hours. There- 
after the stress decreased nearly as a linear function of 
time. It was also observed that the rate of decrease of 
mean stress increased with the value of the mean stress. 

(c) Fa tiv^ue strength in torsion and ben^in^*- I^ or- 
der to determine the behavior of the molding material in 
fatigue under a different state of stress, the material 
was tested in torsional fatigue, using the machine shown 
in figure 10. The O' ^ IT diagram for fatigue tests in 
torsion of round specimens (fig. 3b) is shown in figure 
30, For comparison, a fatigue curve was also obtained in 
bending with the same circular cr o s s- se ct i onal s-oecimen as 
used in torsion and v/ith specimens taken from the same 
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sheet. The cr ... N diagram for these tests is also shown 
in ligare 30. The fatigue strength for torsion tests 
was found to "be 1800~poands-per- square-inch shearing stress, 
(Soe tahle "VI . ) The corresponding fatigue strength in 
"bending was found to he 3820-pounds-per~ square-inch tensile 
stress. T^e fracture of the torsion specimen progressed 
along a 45 helix, indicating that the crack progresr.ed 
along a plane of maximum tensile stress. (See fig. 33h.) 
However* the tensile stress in the torsion specimen was 
the same as the shearing stress, namely, 1800 pounds per 
square inch at the fatigue strength; whereas the tensile 
fatigue strength in "bending was found to he 3320 pounds 
per square inch. This indicates that the start of the 
fatigue crack probahly ;-7as the result of a shearing stress 
rather than a tension stress, "because the maximum shearing 
stress in the tending specimen vas one-half the maximum 
tensile stress, or 1910 pounds per square inch, which com- 
pares favorably with the shearing fatigue strength found 
in the torsion test, 1800 pounds per square inch. Thus 
it would appear that the failare is governed hy the shearing 
stress rather than "by tne tension stress. 

(d) The effect of sTpeed of testing on the fatigue 
XtxoiLgth.- The effect of speed of testing on the fatigue 
strength of the phenolic molding material was studied by 
use of rotating-cantil ever-beam machines, as shown in fig- 
ure 11 ( specimen, fig. 3c). Therje machines were provided 
with a V.-belt drive, so that different speeds could be 
obtained. The a ~ N diagrams obtained from tests at three 
different speeds 1?20, 4200, 61 50 cycles per minute - 
are shown in figure 31, The effect of speed of testing 
was^ found by plotting the fatigue strength at 100,000,000 
cycles against the speed in cycles per minute, as shown in 
figure 32. It was found that the fatigue strength de- 
creased as^ the spaed was increased over the range of speed 
studied. The fatigue strength at a speed of 1720 cycles 
per minute, as obtained in these tests, was 2S30 nounds 
per^ square inch. (See table VI.) It may be thatohe ef- 
fect of speed on the fatigue strength was in part due to 
rise in temperature of the specimen due to the internal 
frictisn^ in the material. Since tke specimen was rotating • 
during the tests it was not found possible to measure the 
temperature; however, observations indicated that the tem- 
perature rise was not excessive. 

. (e; ^-"^^q ,eX£e.cj^_o f__a^_ no on the fat igue stren gth . - 
The effect of a notch of shape as shown in figure 3d was 
obtained by tests on a r otablng-beam machine at a speed of 
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6150 cycles per minute. ^he a - N diagram for this test 
is shovm in figure 31, The fatigae strength at 100,000,000 
cycles was found to be 2300 pounds per square inch. Co^- 
paring this vrith the test of smooth specimens at the same 
speed, it was found that the fatigue strength v;as ahout 15 
percent higher for the notched test than for the unnotched 
testo (See table VI.) It is difficult to explain an in- 
crease in fatigue strength as a result of notching the 
specimen. It may ho, however, that this apparent increase 
is due largely to variations in the material between sheets 
or scatter in the data. Hov/ever, the conclusion that this 
material is relatively insensitive to notches seems justi- 
fiedc Thiij is in opposition to results of tests of cellu- 
lose acetate (reference S) inasmuch as the fatigue 
strength of a notched specimen for cellulose acetate was 
found to be about one-half the fatigue strength of the un- 
notched spocim.en - 

( f) The effect _qf_ type of tes t a nd shap e of sp ecim.e n . - 
Comparison of the fatigue ctrength obtained at a speed of 
1720 cycles per minute and a mean stress of zero, but dif- 
ferent typos of machine and different shapes of specimen, 
showed the follov/ing results. The fatigue strength of a 
square specimen in the beiiding machine was 3130 pounds per 
square inch^ while for a circula.r cr o s s- s e ct i cnal specimen 
the fatigue strength was 3820 pounds per square inch an 
increase of about 21 percent. A circular cr o s s- sect i onal 
specimen of the same shape but tested in a r otat ing-beam 
testing machine was found to give a fatigue strength of 
2630 pounds per square inch, or a decrease of 31 percent of 
the results obtained in the circular bending specimen. 
These differences may be due in part to variations in the 
mat erial , particularly in the case of the latter since the 
rot ai3 ing-boam specimens were obtained from material 0.5 
inch thick ard the bending specimens from materials 0.3 
inch thick. Difference in surface finish may also con- 
tribute to the variation between results obtained on dif-- 
lerent machines. The original molded surface remained on 
all square cr o s s.« se ct i onal specimens, whereas the surface 
of circular or o s s- se ct i onal specimens was machined and 
then sanded. A similar increase of fatigue strength of 
circular as compared to square specimens was found for cel- 
lulose acG-uate as well as for the phenolic molding material. 
[Sqq reference 8.) 

Fractured fatigue specimens of all typos used are 
shown in figures 33f.,.k, 



VI. COITCLUSIOKS 



The following conclusions may "be drawn from the above 
tests of macerated phenolic molding material performed at a 
constant temperature of 77^ F and relative humidity of 50 
percent . 

1. Static short-^time tension and compression tests 
performed at the same rate of strain indicate a'bout equal 
values of yield strength in tension and compression - 
4010 and 4120 pounds per square inch, respectively (at 
0.05 percent offset), (See tal)les I, II, III.) 

2. The ultimate strength in compression is, however, 
a'bout four times the ultimate strength in tension - 13,960 
and 4550 pounds per square inch, respectively, 

3. The moduli of elasticity are nearly equal in ten- 
sion and compression 981,000 ruid 886^000 pounds per 
square inch, respect i-^ely. 

4. Torsion tests at a rate of strain corresponding 
to that used for the tension and compression tests sho'^ed 
a yield strength (at 0.05 percent offset) ahout 80 per- 
cent of the corresponding value in tension and compres- 
sion - 2?50 pounds per square inch (ta"ble IV). 

5. The modulus of elasticity in shear was a'bout one- 
fourth of that in tension and compression - 254^000 pounds 
per square inch in one group of specimens; 290,000 pounds 
per square inch in another group. 

6- Torsion tests at different rates of strain showed 
that the shearing yield strength increased with inorec.s- 
ing rate of strain up to a rate of strain of about 0.01 
inch per inch per minute. (See fig. 19.) 

7. It was found that a time of ahout 40 days was re- 
qiiired for the specific weight to approach equilibrium in 
an atmosphere of constant temperature and humidity (fig. 
20). The change in specific weight was attributed to 
change in moisture content. 

3. The compressive strength of the material changed 
during the time that the moisture content was not in equi- 
librium with the humidity of the atmosphere. The strength 
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increased during the time that the moisture content of 
the material was greater than that required for equilio- 
rium with the atrio sphere g and decreased when the moisture 
ccntont was less than that required for equilibrium with 
the atmosphere (fig, 31 ). 

9. The rnodulus of rupture in flexure v/as found co he 
8000 pounds per squai^e inch, 

10. The averags energy ahscrhed in breaking a "by 
•|--inch Izod impact specimen, was 20 inch-pounds; wherea^s, 
the average energy aosorhed hy a "by ^-inch Charpy spec- 
imen v/as 15 0 6 inch-pounds. There was no appreciable dif- 
ference in impact strength of specimens with notch cut 
parallel, to the surface of the sheet and specimens with 
notch cut perpendicular to thio surface (table V). 

11. Creep tests at several different stresses showed 
that the amount of creep paid rate of creep are increa.sed by 
an increase in stress. It was also observed that the larg- 
est proportion of the creep recorded occurred during the 
early part of the te3t (fig. 23). 

12. It v/as observed that the creep against time curve 
approached a horizontal line after a time of about 5000 
hours for all values of stress (fig. PA). 

13. It was found that the creep occurring during a 
tim.e of about 5000 hours could be r e^^^resent ed approximate- 
ly by the following equation: 

^ (4^; feoo) ^ 

14o Tension tests conducted at a constant load for 
long periods of time showed a critical stress of 5200 
pounds per square inch, above v/hich fracture occurred 
within less than 100 hours, and below which fracture did 
not occur fnr a long period of time. 

15. The fatigue strength for completely reversed bend-- 
ing stress was found zo bo 3130 pounds per square inch at 
100,000,000 cycles. 

16c Tests at other ranges of stress showed that the 
fatigue strength decreased v/ith increasing mean stress 
from 5130 pounds per square inch at zero mean stress to 
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l6lO pounds per square inch at a mean stress of 7000 pounds 
per square inch (tatle Yl). 

17* Relaxation of stress occurred during fatigue tests 
in which the range of stress v;as not zero. The relaxation 
rate w^.s found to "be affected not only loy the value of the 
mean stress "but also l3y the presence of an alternating 
stress (fig, 29). 

IS, The fatigue strength in torsion was ISOO-pounds- 
T)er-squar e-inch shearing stress at 100,000,000 cycles (ta- 
^ole YI) , 

19, The fatigue strength of a circular cross-sectional 
specimen in "bending was found to "be 3820 pounds per square 
inch, which was ahout twice the fatigue strength of iden- 
tical specimens in torsion. This indicates that shearing 
stress may iDe the governing stress which initiates the fa- 
tigue crack (table Yl). 

20« Rotat ing-boan fatigue tests at different speeds 
of testing showed that the fatigue strength decreased as 
the speed of testing increased (fig. 32). 

21. Tests of notched rot at ing-heam specimens indicated 
very little notch sensitivity. There was some indication 
that the presence of a notch increased the fatigue strenfi:th 
(table YI) . 

22. Differences -.f 20 to 30 percent in fatigue strength 
were found for different shapes of specimens and different 
types of testing machines (table YI). 

YII. APPEIIDIX 



Definition of Terms 

1. Mo dulus of elasticity . In this report modulus of 
elasticity is understood to refer to the tangent modulus 
at the initial r^ortion of the stress-strain curve; that is, 
the modulus wan obtained by measuring the slope of a line 
drawn tangent to the curve through the lower portion of 
the curve. It is important to note that friction lag or 
backlash in the strain-measuring instrument may result in 
some irregularity in position of the first two or three 
readings and, because of this lag, the s tr es s-strain curve 
will not necessarily pass through the origin of coordinates. 
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2c Yield stren^^t h.- Yield strength is designated as 
the stress corresponding to an arbitrarily selected per- 
cent deviation from the straight-lino portion of the 
curve (or "modulus line"). It is ohtained . f r cm a plotted 
stross-strain curve "by drawing a lino parallel to the mod- 
ulus lino and at a distance from this line eq_ual. to the 
specified offset measured along the strain axis. The yield 
strength is the stress corresponding to the point of in- 
tersection of the st re s s- s train curve and the au:-:iiiary 
line mentioned acove , 

*5 « Hat e of st rain ^- The rate of strain as 'used in 
this report refers 'to the time rate of straining of the 
specim.en in the elastic (or straight line) portion of the 
st re 3S- strain curve c In' the case of the tension and. com- 
pression testS; the value of the rate of strain v/as ob- 
tained from the slope of a str\ain-time diagram plotted 
from data taken during the tests. In the case of .the ten- 
sion and compression tests, strcain-time diagrams such as 
figures 13 =^nd 15 are obtained. The rate of strain as 
interpreted for these diagrams was the slope of the curve 
at the portion Just "below the value of strain corre^spond- 
ing to .the maximum strain for v/hich stress v/as directly 
proportional tostrain. 

4^ Mod ul us of rup t ure ,- The modulus of rupture is a 
fictitious stress ootained, in the case of the torsion 
test, hy substituting the inaximumi value of tv/i sting moment 

To 

into the equation T = — - o The value of stress obtained 

does not represent the actual maximum stress in the mate- 
rial at the fracture, because the equation used is correct 
only vThen stress is directly proportional to the strain, 
which is not the case at rupture. Modulus of rupture in 
flexure is a fictitious stress obtained by substituting 
the maximum bending moment obtained in the flexvire test 

Mc 

into the equation ^ ~ "y ' This does not represent the 
actual maximum stress at fracture because this ecuation 
also is correct only v/hen stress is directly proportional 
to strain - a condition which is not true at rupture of a 
f 1 e xu r a 1 member. 

^' » Creep Creep is designated as the total exten- 
sion in a tension member v/hich has occurred up to a given 
time as a result of a constant load; it is expressed in 
percent • It should be noticed that creep includes both 
the elastic stretch and the stretch which occurs progres- 
sively during the time of loadin,'^. 
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^« Hate of creep >^ The rate of creep represents a 
time rate of extension of the tension inem"ber under a con- 
stant load. It is determined "by measuring the slope of 
the straight-line portion of the creep-time curve. Note 
that the rate of creep times the time does not give the 
total creep* 

• ^'at i gu e st r ongth In this paper a cycle of re- 
peated stress is resolved into two components steady or 
mean stress upon which is superimposed an alternating 
stress. The maximum amplitude of an alternating stress 
cycle, expressed in pounds per square inch, which v;ill 
not cause fracture of the material for a given numhor of 
cycles of alternating stress is called the fatigue strength 
The numher of cycles used in this paper was. 1 00 , 000 , 000 . 
If the stress cycle doe^i not produce complete reversal of 
stress, the mean stress of the cycle must he stated when 
specifying the fatigue sti en^th "because in general the fa- 
tigue strength changes with different values of mean stress 

S* Mean, stress The algel:raic mean between the maxi- 
mum and minimum stress produced in a material during an 
alternating cyclfl? of stress. When used in conjunction 
with the fat igue . strength, the term "mean stress" denotes 
the mean stress for which the stated fatigue strength was 
determined. 

9 • Ayera A'e devia t ion f rom the me an v - This quantity 
is used as a measure of the scatter in " experimental data 
and is obtained hy forming the difference "between each 
reading and the average of readings, then averaging these' 
differences. 
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TABLE I. STATIC TENSILE TESTS OP PHENOLIC MOLDIHO MATERIAL 

(Specimen as Shown in Fig. la ) 
(Terms Defined in Appendix ) 



Specimen 
Number 



Yield Strength 
0#05 per cent 
offset, psi 



Ultimate 
Strength 
psi 



Ultimate 

Strain 
in. per in. 



Modulus of 
Elasticity 
1000 psi 



Rate of Strain 
in. per in* per 
min. 



25.B.5 
25-B.6 

25- B-lO 

26- B-ll 
26-B-I7 



3900 
5650 
3850 
U380 
4050 



U790 
k320 
U550 
I4430 
U670 



0.00597 
0.00515 
0.00556 
o.ook^k 
0.00577 



960 

93k 
960 
1050 
980 



0.0015 

0*0015 
0.0015 
0.0013 
0.001I4. 



Average 



UOlO 



U550 



0.005U3 



981 



0.0014 



Average Deviation 
from the Mean I70 



114.0 



0.00042 
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Average No-Load Head Speed — O.OL1.O in. per min. 



TABLE II. STATIC COMPRESSION TESTS OF PHENOLIC MOLDING MATERIAL 



(Specimen as Shovm in Fig. 2a ) 
(Terms Defined in Appendix ) 



Specimen 


Yield Strength 


Ultimate 


Ultimate 


Modulus of 


Rate of Strain 


Number 


0.05^^0 


0.2^/0 


Strength 


Strain 


elasticity 


in./in./iiiin# 




offset 


offset 


psi 


in. per in. 


lOOO psi 






psi 


psi 










203.A-IO 


3koo 


5500 


12,700 




970 


0.0014 


203-A-ll 


1*700 


6700 


13,000 




830 


0.0015 


203.A.9 


U200 


5900 


13,200 


0.0497 


850 


0.0016 


203.A-I2 


4400 


6400 


13,800 


O.O5O8 


830 


0.0015 


203-A-I3 


3900 


5800 


13,200 


O.O5O8 


950 


0.0016 


Average 


4120 


6060 


13,200 


0.05QU 


886 


0.0015 


Average Deviation 












from the Mean 38O 


390 


260 


0.0005 


59 





Average No — Load Head Speed 0.0105 in. per min* 
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TABLE III, STATIC COMPRESSION TESTS FOR ULTIMATE STRENGTH 
^ OF PHENOLIC MOLDING MATERIAL 

) (Specimen as shown in Fig. 2b) 



3 



Specimen 
Number 


Ultimate 
Strength 
psi 


Approximate 
Rate of Strain 
in./in./min. 


203.A.5 


18,560 


0.0008 


205.A.3 


19,^0 


0.0008 


203-A-2 


19,^^0 


0.0009 


203-A-U 


18,370 


0,0015 


203-A.6 


18,610 


0.0015 


Average 


16,960 





Average Deviation 

from the Mean 5U0 



TABLE IV. STATIC TORSION TESTS OF PHENOLIC MOLDING MATERIfJL 
(Specimen as Shown in Fig. 2e) 
(Terms Defined in Appendix) 



Specimen 


Yield Strength 


Modulus of 


Ultimate 


Shearing 


Rate of Strain 


Number 


0.05VO 


0.20/0 


Rupture 


Strain 


Modulus, G, 


in./in./min. 








psi 


in. per in. 


1000 psi 


Tensile Shearing 


305-T-ll 


2500 


3I8O 


3I8O 


0.0155 


232 


.0012 .0050 


305.T-13 


2U20 


5130 


3160 


0.0158 


256 


.0012 .0050 


305-T.15 


2730 


3560 


36UO 


0.0173 


235 


.001k •0058 


Average 


2550 


3290 


3330 


0.0162 


23U 




Average Deviation 












from the Mean 120 


180 


210 


0.0007 


2 





Average No-Load Head Speed — O.O2I4. revolutions per min. 



H/LCA 
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TABLE V. IMPACT TESTS OP PHENOLIC MOLDING MATERIAL 
(Speclmsns as shovm in Fig. lo and Id) 
(Teras defined in Appendix) 



Type of Test 


Sheet 311 


Sheet 314 


Average 
for both 

sheets 

in-lb 


Specimen 


Absorbed 
Energy 
in-lb 


Specimen 


Absorbed 
Energy 
in-lb 


Izod— 

Notch Parallel to 
Original Surface 

Average 


1-3 
1-2 
i-i 


22.0 
20.0 
19.0 
18.0 


I'h 
1-3 
1-2 
I-l 


18.0 

21.3 
20.8 
13.0 






li.j 


18.8 


Average deviation 
from the Mean 




1.2 




2.8 




I god- 
Notch Perpendicular 
to Original Surface 

Average 


t-8 

1-7 
1-6 

1-5 


21.5 
21.7 
22.0 
20.0 


l-S 

1-7 
1-6 

1-5 


^1.5 
21.8 
20.8 
20.8 




21.3 


21.2 


21.2 


Average Deviation 
from the Mean 




0.6 




o,k 




Average of All Izod Tests 20.0 


Charpy-- 

Notch Parallel to 
Original Surface 

Average 


ic-3 

IC-2 
IC-1 


11+.9 
11^.2 
18.7 
19.9 


tc-U 
ic-3 
IC-2 
IC-1 


21.3 
17.8 
11+.5 
17.5 




16.9 


17.8 


17.3 


Average Deviation 
from the Mean 




2.i+ 




1.8 




Charpy-- 

Notch Perpendicular 
to Original Surface 
Average 


ic-7 
lc-6 
IC-5 


11 .a 
13.5 


lc-7 
lc-6 
IC-5 


1I+.6 
15.8 




13.2 


14.6 




Average Deviation 
from the Mean 




1.0 




0,8 





Ntmber 


Specimen 


Type of Test 


Machine 


Speed of 
Testing 
r p m- 


Initial 

Mean 
Stress 

psi 


Mean Stress At 
100,000,000 
cycles 
psi 


Fatigue Strength 
at 100,000,000 
cycles 
psi 


29 


Square 
Fig. 3a 


Range" of 
Stress in 
Bending 


Bending 
Fig- 9 


1720 


0 


0 


3130 


Tension Stress 


31. 33. 
34 


(S 


ft 


M 


1720 


2000 


1330 


2580 


It 


33. 3U 


It 


If 


ft 


1720 


4000 


2320 


2280 


If 


3U.35 


ff 


ft 


If 


1720 


7000 


3140 


1610 


If 


47 


Circular 
Fig, 3b 


Bending of 

Circular 

Specimen 


flf 


1720 


0 


— 


3820 


If 


47 




Torsion of 

Circular 

Specimen 


Torsioh 
Fig. 10 


1720 


0 


— 


1800 


Shearing or 
Tension Stress 


302 


Circular 
Fig. 3c 


Effect of 
Speed 


Rotating 
Beam 
Fig. 11 


1720 


0 




2630 


Tension Stress 


302, 

303 


ti 


n 


ft 


1^200 


0 




2300 


m 


305 


II 


n 


ft 


6150 


0 




2050 


ft 


304 


Notched 
Fig. 3d 


Effect of 
Notch 


ft 


6150 


0 




2500 


ft 



TABLE VI. FATIGUE TESTS OF PHfilfOLIC MOLDING MATERIAL 



Phenolic molding material 
2 l/2" rad. 



7" 



3" 



Tension specimen 



2 l/2" rad. 



7" 



3" 



.1"- 



\7 





T^^ 

Creep specimen 



01" rad. 



1 



IT" 

l/S" 
I jk_ 



-*j.3"|<- 



"f 

3" 
4 



.50" 



Section A-A 



1" 



5" j<- 



^;%^5/3S" 



Section A-A 



-V 



,1"- 



rad. 



1 " 

^ 2 



- 5" 



Charpy 



2 

Izod 



Impact specimens 
Figure 1. - Specimens. 



2" 



1^.3" dia 



Compression 



Phenolic molding material 
I* ^.9" — *| 



7" 



Flexure 



2 l/4«- 



3/4"^fe-3/4" H^3/4 



3 H-'" 



25" 



Long-time tension 



3/8" 
Section A-A 



1/2" 



Solid torsion 



Holloi/v torsion 



*c 'V r? / AH ^ 









A 






\ 


<• 


A 


T -7 / /I M 




O T /on 


^ 




1 


\ 


A^ 


:v_::::_T.i: 


aJ 

Figure 2.- 


"Static" specimens . 




1/2" 



-.50" dia. 



Section Ac-A 



50" dia. 




ISection A-A 



1 



NACA 



Phenolic molding material 
-4 1/2" >l 




1/4" dia. 



3 1/2" 



A " 










^2" 



Fig. 3 



Section A-A 




1/4" dia. 



Square cross section bending, 
4 1/2" 



A *\ 



3 1/2" 




.3"|«- 



1" 

— dia.- 

4 









3" 




4 







2" rad. 



Section A-A 



Circular cress section bending and torsion 
3 1/2" » 



A ^ 



.25" root dia.v A^- 





.50" dia. 



^25" dia. 
Section A-A 



01" rad. 




3 1/2" 



.50" dia. 
Section A-A 



Notched rotating beam 
Figure 3,- "Fatigue" specimens. 




Figure 4.- Universal testing machine 
with compression tool. 




Figure 5.- Universal testing machine 

with torsion attachment 
and detrusion gage- 



N AC A 



Figs. 6,7 




NACA 



Figs. 8,9 




Figiire 9.- Fixed-cantilever, constant-amplitude fatigue 
machine arranged for bending teste. 



NACA 



Figs. 10,11 




Figure 11.- Rotating- cant ilever-"beam fatigue machine. 



NACA 



Figs. \Za ,12b 





Strain, in. per in. 



Flg.(2-B 
Stress rt Strain In Tension 



5000 




QOOffj 



Q004 



am 



Qooe aoo3 0004 

^tra:\x\^ \x\ per in. 

Flgl2-C 
Str#38 Strom in Tfr?c<on 



Q005 OLOOtf 



5> 

1 


'ote of S 


frefn » 
//n./min 


1 


// 


/ 


1 













































> 

o 
> 



6000 



Time , sec 
Fig. 13 
Strom vsTime it) Tension 



60O0 



V) 4OO0 



EOOO 




Specifngti No. 203- A -10 
Modulus of LlosNcitjf^ in 
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